The energy spectra of g-rays in water, concrete, iron and lead are calculated by PALLAS- 
PL, SP-Br code for the plane perpendicular incidence. The calculation takes into account both annihilation and bremsstrahlung photons as well as Compton scattered ones as the secondary source.
Comparisons of energy spectra calculated by PALLAS were made with those of the moments method in water, iron and lead.
In the PALLAS calculation the bremsstrahlung is neglected for the source energy of 6 MeV in iron because the influence of the bremsstrahlung on the energy spectrum is considered to increase for high energy photons. In recent years there has been a growing interest in reexamination of these old data to obtain more accurate buildup factors and energy spectra considering secondary photons.
In particular, the inclusion of the bremsstrahlung has great influence on resulting buildup factors and energy spectra for high energy photons in materials of high atomic number(2)~(4).
Nevertheless, the moments calculations neglected not only the bremsstrahlung photons but also the annihilation photons. Consideration of the bremsstrahlung in systematic calculations of photon transport had been desired for a long time since the moments calculations were reported. In a previous paper (5) we presented a method for systematic calculation of photon transport including both annihilation and bremsstrahlung photons. The calculational accuracy was verified by comparing our calculations with experiments in energy spectrum (6) and in transmitted dose (2) . As a result, we concluded in the paper that the contribution of bremsstrahlung photons to buildup factors and energy spectra was too large to disregard in the transport of higher energy g-rays in heavy materials. The old data is in urgent need of revision and we made systematic transport calculations of g-rays including both annihilation and bremsstrahlung photons using PALLAS-PL, SP-Br code(7) for plane isotropic and perpendicular incidence to obtain buildup factors and energy spectra of typical shielding materials such as water, concrete, iron and lead.
In the present report, the calculated energy spectra in these materials for the plane perpendicular incident source are provided. The calculated exposure buildup factors was given in a separate paper (8) . The calculated energy spectra were compared with the moments calculations for water, iron and lead. There has been only one presentation by Subbaiah et al. (9) concerning energy spectrum of photons including the bremsstrahlung for the plane perpendicular incident source. Their calculations with ASFIT code(10), however, have not been compared with the other calculations in energy spectrum.
The validity of their calculations has been attested for only dose buildup factors by comparing their calculations with other calculations(4) including ours (5) and with experiments(2).
As a result, appreciable discrepancies have been produced between their calculations and the experiments due to the different source condition used in their calculations from that of the experiment. In Ref. (5), we presented that our calculation showed much better agreement with the same experiment.
In Chap. II calculational parameters are provided, and Chap. IV gives calculated energy spectra in water for incident energies of 0.1~15.0 MeV, in concrete for 0.3~15.0 MeV, in iron for 0.5~15.0 MeV, and in lead for 0.5,~15.0 MeV.
II. CALCULATION
The PALLAS calculation was made using the photon cross sections taken from Hubbell's compilation (11) Figure 4 illustrates the energy spectra in iron for the source energy of 6 MeV. The PALLAS calculations plotted with the solid lines are in fairly good agreement with the moments above 0.5 MeV. In this PALLAS calculations the bremsstrahlung photons are ignored, while the annihilation photons are taken into account, which produces a sharp peak at 0.5 MeV. If the bremsstrahlung photons are included, the maximum increase appears in the vicinity of 0.7 MeV resulting in approximately 70 and 20% increases, respectively, at 1-and 10-mfp. From the fact it may be deduced that both annihilation and bremsstrahlung photons should not be ignored in the transport calculation of g-rays with high source energy such as 6 MeV in iron.
A comparison with an experiment is made for exposure dose attenuation transmitted through lead slabs for the plane normal incidence, which is shown in Fig. 5 . The source used in the experimene(2) was composed of four different energy g-rays with different intensities as given in the figure. The lead used was six different thick slabs as plotted with circles in the figure. The PALLAS calculations were made for the six different thick slabs using the same source composition as that of the experiment.
For reference a transport calculation without taking into account the bremsstrahlung was made and its result is plotted with the dotted line in the figure. These attenuations are ratios of the transmitted exposure doses D to the exposure dose of only the uncollided flux Do. The PALLAS calculations including the bremsstrahlung are in fairly good agreement with the experiments within the experimental uncertainties except for 59-g/cm2 thick slab, in which the calculation overestimates the experiment by approximately 20%. 
